A B S T R A C T The effect of rabbit antiidiotypic antibody raised against human IgG F(ab')2 anti-tetanus toxoid (TT) antibodies on the in vitro synthesis of TTspecific IgE antibody by peripheral blood lymphocytes (PBL) was examined in three subjects. Two of these subjects were allergic twins whose sera persistently contained IgE anti-TT antibodies. The third subject was a nonallergic individual who had a slightly elevated serum IgE (250 IU/ml) and who exhibited a transient serum IgE anti-TT response after booster immunization with TT. After appropriate absorptions rabbit anti-idiotype (Id) IgG reacted with anti-TT antibodies of both IgG and IgE isotypes in an idiotypeand antigen-specific fashion. PBL and B cells from the three subjects studied spontaneously synthesized TTspecific IgE in culture. In all three cases, adsorption of B cells over plastic plates coated with anti-Id before culture specifically decreased the synthesis of IgE antibodies to TT but did not affect the synthesis of IgE antibodies to ragweed antigen E by PBL from the twin allergic subjects. Addition of anti-Id to cultures of PBL from all three subjects specifically inhibited the synthesis of TT-specific IgE. This inhibition was shown to be exerted both at the level of the B cells and via the generation of antigen-specific suppressor T cells from radiosensitive precursors.
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The present results indicate that the synthesis of antigen-specific IgE in man is subject to regulation by idiotypic anti-idiotypic interactions that can involve both B and T lymphocytes. (1) (2) (3) (4) (5) . Recently , it has been shown in experimental animals that antibody of the IgE isotype shares idiotypic determinants with antibody of Received for publication 13 January 1982 and in revised form 15 September 1982. the IgG isotype (6) . Furthermore, Blaser et al. (7) have also shown that the in vivo IgE antibody response in mice is subject to regulation by idiotypic antiidiotypic interactions.
The role of anti-idiotype (Id)' antibodies in the regulation of the human IgE response is unknown. Recently, it was demonstrated in our laboratory that human IgG and IgE antibodies to tetanus toxoid (TT) share idiotypic determinants (8) and that autoanti-Id antibodies arise during the course of the normal human immune response to TT antigen (9) . These findings strongly raised the possibility that idiotypic antiidiotypic interactions may regulate the synthesis of human IgE. In the present communication we demonstrate that rabbit antibodies raised against Id determinants of human anti-TT antibodies can regulate the in vitro synthesis of anti-TT antibodies of the IgE isotype.
METHODS
Subjects. Three subjects were studied. Two of the subjects were 21-yr-old male identical twins. They had allergic rhinitis caused by multiple allergens, positive immediate hypersensitivity skin tests to multiple allergens, including ragweed, and elevated serum IgE levels (850 and 890 IU/ml, respectively). Their sera studied serially over 1 yr before the present study were found persistently to contain IgE antibodies to TT as determined by the radioallergosorbent test (mean binding of 1251I anti-IgE to TT-coupled disks in the radio-allergo-sorbent test (RAST) assay, 9.3 and 8.5%, respectively). Both subjects were studied in the fall; October through mid-November of 1980. The third subject studied was a 29-yr-old female subject who showed no positive immediate hypersensitivity skin tests to a battery of 36 common allergens and whose serum contained 250 IU/ml of IgE. 1.5 yr before the present study this subject was given a booster immunization with TT Immediately before the present study all three subjects were boosted with TT (5Lf units). IgE antibodies reappeared in the serum of the third subject for a period extending from the 5th d postimmunization to the end of the 3rd mo postimmunization (maximum percent binding in the RAST assay 6.4%).
The purposes of the study were explained to the subjects and their written consent was obtained.
Antigens Production, absorption, and characterization of antiidiotypic antisera. Idiotypic antisera were raised in rabbits against IgG (Fab')2 anti-TT antibodies isolated from the serum of each of the three subjects studied. The IgG (Fab')2 anti-TT was obtained 7 and 10 d after a booster immunization with TT that was given 1 yr or more before the present study. The antisera were prepared as described in reference 10 except that the IgG-enriched fraction of human serum was absorbed extensively against the insolubilized IgG fraction of rabbit anti-human IgE (8) . IgG F(ab')2 fragments obtained by pepsin digestion followed by Sephadex G-150 chromatography were passed over a TT-immunosorbent column pretreated with NaSCN. The material that did not bind to the column was designated as TT nonreactive IgG F(ab')2.
The material that was bound to the TT column (4-7 mg) was eluted with 3 M NaSCN and designated IgG F(ab')2 anti-TT or "idiotype". This material contained <50 pg/ml of IgE as determined by a solid-phase radioimmunoassay described below. It was used to immunize a rabbit as described in reference 10 . IgG was isolated from the rabbit serum by DEAE column chromatography and suspended at 10 mg/ml in PBS. 10 T cells were obtained by rosetting mononuclear cells with neuraminidase-treated sheep erythrocytes (E) and recovering the E rosette-forming cells from the bottom of a Ficollhypaque gradient after lysis of erythrocytes with Tris-buffered 0.87% NH4C1. Cells that did not form rosettes with E were recovered from the top of the Ficoll gradient, and used as a B cell-rich suspension. The details of these procedures and the composition of the cell fractions are found in reference 12.
Cell cultures for the measurement of IgE synthesis in vitro. Cells were suspended at a concentration of 1 X 106/ ml in RPMI 1640 medium containing 10% fetal calf serum (FCS), penicillin (100 M/ml) and streptomycin (50 Mg/ml) and cultured in triplicate in 1-ml aliquots in 12 X 75-mm sterile plastic tubes. After 7 d of incubation in 5% CO2 in Regulation of Human IgE Synthesis by Antiidiotypes air at 370C the culture fluid supernatants were collected and assayed for their content of total IgE and of antigen-specific IgE. At the initiation of the cultures 1-ml aliquots of cell suspension were frozen and thawed three times, allowed to incubate for 7 d at 370C, then spun at 200 g for 10 min and their supernatants were collected. Parallel 6-d cultures were carried in the presence of cycloheximide (Sigma Chemical Co., St. Louis, MO, 100 ttg/ml) to ascertain that the IgE measured at the end of the 6-d culture period represented de novo synthesized IgE. Radioimmunoassay of IgE in culture supernatants. IgE present in culture supernatants were determined by a solidphase radioimmunoassay as described (13) Nonspecific binding of 125I anti-IgE to plates coated with antigen (TT and AgE) and preincubated with culture medium was always <45 cpm and was subtracted from the counts per minute of 125I anti-IgE bound in the presence of the dilutions of the standard serum pool. 1 ml of a 1/100 dilution of the standard pool was arbitrarily assigned a content of 2,000 U of TT-specific IgE antibody and 2,000 U of AgE-specific IgE antibody. Fig. 1 
RESULTS
Characteristics of the anti-Id Antisera. The characteristics of the three anti-Id antisera used in the present study are shown in Fig. 2. 1 (Fig. 2) . In contrast, rabbit anti-Id IgG precipitated negligible amounts of '25I-labeled TT nonreactive IgG F(ab')2 derived from the "idiotype" donor ( Fig. 1) because prior absorption of supernatants with Staphylococcus aureus (Cowan I strain) did not affect the amount of antigen-specific IgE antibodies detected in the assay (<10% reduction). Binding of IgE B cells to anti-Id coated plates. To determine if B cells committed to antigen-specific IgE antibody synthesis bear idiotypic determinants we studied the effect of adsorbing B cells over anti-Idcoated plates on their ability to synthesize antibodies. We first established that enriched population of B cells from the three subjects studied synthesize IgE in the absence of additional autologous T cells (Table II) . Addition of autologous T cells (at a 1:1 ratio) resulted in a minimal increase in IgE synthesis averaging 21±9% for the three subjects. B cells absorbed for 1 h at room temperature over plastic dishes coated with anti-Id (1 mg/ml) synthesized significantly less IgE antibodies to TT than control B cells absorbed over plates coated with preimmune rabbit IgG (Table II) . In contrast, the synthesis of IgE antibodies to AgE was not affected. The decrease in the synthesis of IgE antibody to TT was not due to interference by carried over anti-Id with the assay for IgE anti-TT. This is because supernatants of cycloheximide-treated cultures of anti-Id-absorbed B cells did not interfere with the assay for IgE anti-TT when they were added to supernatants of cultures of untreated B cells or to dilutions of serum derived from the idiotype donor (data not shown).
Effect of anti-Id on IgE synthesis by unfractionated PBL. The effect of anti-Id on IgE synthesis by unfractionated PBL derived from the idiotype donor is shown in Table III . In these experiments 500 jig/ml of anti-Id IgG were added during the first 48 h of culture then the cells were washed and recultured for 7 d. This was done to remove anti-Id IgG from the cultures because it could interfere with the assay of TT-specific IgE. The results obtained in these experiments are shown in Table III . They indicated that rabbit anti-Id IgG, but not preimmune rabbit IgG, inhibited the synthesis of TT-specific IgE antibodies. This inhibition was TT-specific because the synthesis of IgE antibodies to AgE was not affected (Table II) . The inhibition of IgE anti-TT synthesis by anti-Id IgG was idiotype-specific because anti-Id IgG did not inhibit IgE anti-TT synthesis by PBL from subjects unrelated to the idiotype donor (data not shown). shown not to be due to the interference of carried over anti-Id in the assay for IgE anti-TT.
The possible effects of anti-Id on T cells involved in the regulation of IgE antibody synthesis was examined by studying the effect of anti-Id treated T cells on IgE antibody synthesis. In these experiments purified populations of T cells were incubated for 48 h with preimmune rabbit IgG (500 ztg/ml) or rabbit antiId IgG (500 ig/ml), extensively washed and then added at a 1:1 ratio to freshly obtained autologous B cells. As Table V) , it was imperative to demonstrate that the T cell-mediated suppression was not due to carried over anti-Id. For this reason we examined the capacity of irradiated (3,000 rad) T cells preincubated for 48 h with anti-Id to inhibit IgE anti-TT synthesis and we examined the capacity of T cells preincubated for 1 h with anti-Id to inhibit the synthesis of IgE anti-TT. As shown in Fig. 4 
DISCUSSION
The present study demonstrates that the in vitro synthesis of TT-specific IgE in man is accessible to regulation by anti-Id antibodies. This study was made possible because a sensitive and specific radioimmunoassay enabled us to measure the in vitro synthesis of antigen-specific IgE (Fig. 1) . Two of the three subjects included in our study were allergic individuals and their sera persistently contained IgE anti-TT antibodies. The third subject had a slightly elevated serum IgE level (250 IU/ml) with no clinical allergies. Her serum mounted a transient IgE response to TT after booster immunization. The transient development of serum IgE antibodies to injected antigens including TT in normal individuals has been previously reported (14, 15) . PBL from each of the three individuals synthesized measurable quantities of IgE and IgE anti-TT when studied after booster immunization with TT (Table I) (22) .
The anti-Id antibodies used in the present study reacted after appropriate absorptions with only a fraction of the immunizing idiotype (Fig. 2) (Table III) . This inhibition was not merely the result of antibody-dependent complement-mediated lysis of TT-specific B cells because (a) there was no exogenous source of complement in the cultures, (b) it was previously demonstrated that IgG anti-TT synthesis induced by nonspecific T cell helper factor was not affected by anti-Id (5), thus making it unlikely that anti-Id-dependent complement lysis was operative in the in vitro cultures. Furthermore, the inhibition of IgE anti-TT synthesis by anti-Id could not have resulted from the potentially suppressive effects of histamine (23) liberated by the interaction of anti-Id and IgE anti-TT bound to the basophils that separate with mononuclear cells on Ficoll-hypaque. This is because the suppressive effects of histamine mediated by a radiosensitive T cell are nonspecific (24) , yet the synthesis of IgE antibodies to AgE was not reduced in those cultures that received anti-Id.
The inhibition of TT-specific IgE synthesis by antiId operated via complex mechanisms. Two possible mechanisms were demonstrated in the present study. The first mechanism appeared to be T cell-independent and occurred when anti-Id antibody was added to B cell-rich cultures (Table V) . Because the majority of IgE B cells have been shown to bear both surface IgE and IgM (25, 26) it is not known whether idiotypic interactions involving either or both of these two surface idiotypes resulted in the inhibitory signal. Inhibition of immunoglobulin production of IgG and of IgM by anti-Id in man has been previously reported by us (5, 27) and by Bona and Fauci (28) . The mechanism of such inhibition is not well established. At least in one instance it appeared to be dependent on the presence of an intact Fc portion of the anti-Id antibody (27) .
A second mechanism for the inhibition of TT-specific IgE synthesis by anti-Id was shown to be T cell dependent. Incubation of T cells with anti-Id resulted in the generation of antigen-specific suppressor T cells that caused inhibition of IgE anti-TT synthesis (Table  VI) . The precursor of this T suppressor cell was shown to be radiosensitive and presumably was idiotype positive. Indeed, it is unlikely that the preparation of rabbit anti-Id IgG contained antibody that was directed against an idiotype-negative T cell-derived material that copurified from the serum with the IgG F(ab')2 anti-TT used to raise the anti-Id antibody. In this regard, there is previous data in experimental animals and in man to indicate the presence of idiotype-positive T cells that are activated by anti-Id antibody into idiotype-specific suppression (29) (30) (31) .
The present work has important implications for the regulation of the IgE antibody response. First, it demonstrates that IgE antibody synthesis is subject to regulation by antiidiotypic antibody. Second, in view of our recent demonstration that auto-antiidiotypic antibodies arise during the course of the normal human immune response (9), the present study raises the possibility that IgE antibody synthesis in vivo, as well as in vitro, can be regulated by anti-Id. Third, it appears that anti-Id antibody can regulate in vitro IgE synthesis in nonallergic as well as in allergic subjects making it important to determine if there are in vivo differences between these two groups in so far as regulation of IgE synthesis by anti-Id antibody.
